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Ranking Projects in Multi-Criteria 
Environment
In the construction industry, the way the company manages 
its projects is a fundamental issue. IT tools supporting project 
portfolio management have become widely available and widely 
used, however, some of their processes still significantly need to 
be refined and made more accurate. Choosing the right project is 
a vital element of their way to success or failure. This also means 
that when a building project becomes value-destroying, it has to 
be suspended, or even stopped. Making such decisions is vitally 
important for the company. The paper presents an integrated 
project prioritization model, which includes both financial 
and non-financial criteria. The conceptual idea is to integrate 
the financial element with the most widely used non-financial 
points of view that are already applied, tested and published in 
the relevant literature separately. The authors go over the steps 
of PPM one by one and in addition to the ranking of the outlined 
projects, also briefly summarize the basics of monitoring.
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INTRODUCTION
In order to achieve their strategic 
goals, companies more and more often 
choose project-oriented solutions from 
the many available tools. Due to global-
ization in business, the cross-border 
management of projects, more and 
more projects have to be managed at 
the same time and it becomes a more 
and more complex task. Issues in con-
nection with this tendency have led 
to the formal appearance of project 
portfolio management, or PPM, and 
its whole set of tools have been devel-
oped. (Rajegopal el al., 2007).
Due to the complexity and size of 
the task, it requires considerable IT 
background. While the planning of 
a single project can sometimes be 
performed on a smaller network, 
and sometimes even traditional tech-
niques can be used, carrying out the 
daily tasks of PPM is unimaginable 
without large systems connected into 
a network. The greatest software 
companies have clearly developed 
their project management solutions 
in the direction of portfolio manage-
ment (Hewlett Packard – Project 
and Portfolio Management Center, 
Microsoft – Project Portfolio Server, 
IBM – Rational Portfolio Manager, 
Computer Associates – Project and 
Portfolio Management, Compuware 
– Changepoint). It is no accident that 
capital-intensive industries, such as 
enterprises connected with public 
utilities or communal facilities have 
clearly turned their attention to PPM 
(Chapel, 2007). 
The project approach can cause 
delays and resource problems without 
proper management, that is, portfo-
lio management (Blichfeldt–Eskerod, 
2008). A study made in 2004 points out 
that a high level of acceptance of PPM 
in the organization clearly leads to a 
decrease in project-related problems 
and an increase of performance (De 
Reyck et al., 2005). It is obvious that the 
attention of professions connected with 
project management has turned to PPM. 
The ubiquitous project portfolio 
approach has a significant impact on 
modern organizations. Handling the 
fast growing number of projects has 
become one of the most important 
tools for achieving organizations’ 
strategic goals, and as Olsson (2008) 
and Teller and Kock (2012) argue, in 
a project portfolio environment the 
practice of single project management 
(SPM) has been increasingly loosing 
sufficiency, while project portfolio 
management (PPM) is recognized as 
one of the most crucial challenges of 
organizations. In our article, we use the 
definition based on the approaches of 
Archer and Ghasemzadeh (1999) and 
Martinsuo and Lehtonen (2007) to proj-
ect portfolio. In this term the portfolio 
is a group of rival projects striving for 
sparse resources carried out under a 
single sponsorship and management 
of an organization in line with the 
strategy. Recently, the portfolio-wide 
perspective of project portfolio man-
agement goes well behind single proj-
ect management that focuses only the 
processes of one project, and ignores 
synergistic effects with the others. 
Project portfolio management is 
about managing multiple projects, pro-
grams, sub-portfolios, and operations 
as a group to achieve strategic objec-
tives (Project Management Institute, 
2013). The first step of PPM is project 
portfolio selection (adding, taking 
out, and prioritizing projects) includ-
ing periodic activities that involved in 
the selection from available projects 
meeting the organization’s objec-
tives according to constraints (see 
e.g. Archer and Ghasemzadeh, 1999). 
Thus, as Nowak (2013) argues, proj-
ect portfolio management is a recur-
ring dynamic and interactive decision 
process, where the portfolio must be 
constantly updated and revised. The 
result of this process is a constantly 
available well-selected and ranked set 
of projects.
In the literature there are two dis-
tinct directions of research on selecting 
project portfolios (Nowak, 2013). In the 
first group there are articles provid-
ing general recommendations with 
few systematic procedures especially 
addressed to practitioners. The second 
group includes quantitative deci-
sion support techniques dedicated 
to researchers mainly. However, it is 
beyond debate on both sides that for 
selecting the right projects at the right 
time multiple criteria should be taken 
into account and recently a significant 
number of literature has become avail-
able on methodological tools for this 
(Gutjahr et al., 2010; Anagnostopoulos 
and Mamanis, 2010; Kremmel et al., 
2011; Elazouni and Abido, 2011). These 
sources provide complex, formal math-
ematical solutions for multi-objective 
cases in project portfolio selection, 
but besides the thorough operational 
issues, the criteria selection is left out 
of scope. These techniques employ 
sophisticated computation tools, but 
the models suggested often oversim-
plify the problem.
The portfolio must be filled with 
projects, then after continuous evalu-
ation and ordering, the status of the 
projects need to be constantly revised 
according to the evaluation. The status 
of a project can be active, suspended, 
withdrawn (terminated) or requiring 
special priority. Since the portfolio 
needs to be tested constantly so that 
the status of the projects conforms to 
the system of criteria, this is a cycli-
cal process. While a project is a finite, 
single and individual undertaking, PPM 
is a continuous operative activity of a 
company. 
The following formal steps must be 
followed in PPM (Rad–Levin, 2006; 
Levine, 2005):
1. Filling, ranking, selecting and con-
tinuous maintenance of the portfolio 
according to a logical and formalized 
system of criteria. – Ordering has 
to be done clearly and in a central-
ized manner. The current projects 
have to be compiled into a database 
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according to their status. During the 
first step it turns out which projects 
stay in the portfolio for a long time.
2. Assigning the human, material, 
information and technological 
resources in the resource center, 
and the attention of the management 
based on the ranking. – The second 
step shows where parallel special 
priority projects causing resource 
peaks are, and therefore the alloca-
tion of resources can be carried out 
at the portfolio level.
3. A methodological execution and 
follow-up of active projects in the 
portfolio. – In the third step the 
cyclical revision and evaluation of 
projects need to be done (therefore 
there is feedback to point 1).
4. The emerging important question 
is what quantitative and qualitative 
criteria must be considered and how 
to include them in a portfolio selec-
tion system that will be suitable for 
both practitioners and researchers.
Ranking Criteria for Project 
Portfolios
Ranking by net present value (NPV) 
is a common practice that results in 
dropping the financially weakest proj-
ects from the portfolio. However, the 
standard method for NPV calculation 
often only focuses on easily calcu-
lable events and processes, thus the 
more subtle details and benefits of 
the project may be missed out of the 
assessment.
Our view is that project ranking 
should look beyond NPV by setting up 
a more sophisticated criteria system. 
To establish a sound system, the devel-
opment of a well-structured hierarchy 
seems necessary.
Financial Criteria (FI)
In the mainstream “perfect market” 
framework of finance, the only crite-
rion is Net Present Value (NPV), which 
shows the added value of a business 
idea. If there are infinite resources, and 
no market frictions, all projects with 
positive NPV are undertaken. If the 
resources are scarce, e.g. there is a lim-
ited budget, project ranking is needed. 
The simplest project ranking method is 
the ranking by the NPV/CAPEX ratio, 
referred to as Profitability Index (PI), 
indicating the project financial value 
expected to be generated by one unit 
of the investment.
A project’s Profitability Index can 
be given as the ratio of NPV and actual 
capital expenditures (CEXP,i). Ranking 
by PI is obvious: the higher the PI is, the 
higher the project must be prioritized.
Strategic Criteria (STI)
Business strategies often declare 
quantifiable but hardly monetizable 
objectives (e.g., increase of market 
share, improvement of business per-
formance). Literature review suggests 
that the project portfolio management 
serves as an important and effective 
tool for strategy implementation. 
Moreover, all the project portfolio 
management process must be sub-
ordinated to the strategy of the orga-
nization (Archer and Ghasemzadeh, 
1999; Martinsuo and Lehtonen, 2007; 
Voss and Kock, 2012; Teller and Kock, 
2013). Meskendahl (2010) examined 
the interference of the strategy, project 
portfolio management, and the success 
to draw together strategy formulation 
and implementation. Although exist-
ing research shows a positive relation-
ship between isolated concepts, he 
claimed a lack of a coherent and inte-
gral framework from strategy to suc-
cess. Therefore, Meskendahl concep-
tually extended the current research 
in portfolio management by strategic 
orientation. Killen et al. (2012) con-
ducted research on the application of 
strategic management theories to proj-
ect management and project portfolio 
management. These research experi-
ences outline the successful applica-
tion of strategic management theories 
highlighting the advantages as well as 
the challenges of adopting theories 
from strategic management for PM and 
PPM research. Their paper makes pri-
mary contributions to the PM, PPM, and 
strategic management fields, and as a 
conclusion, it provides an obvious evi-
dence of benefits that can be obtained 
by the application of strategic man-
agement approaches to PM and PPM 
research. PM and PPM are defined as 
subsets in management and strategic 
management research rather than as 
separate domains. As it is an adequate 
statement for project management, 
project portfolio management must 
also be aligned to strategy, therefore 
a strategic element is taken into con-
sideration for evaluating, prioritizing, 
and selecting projects properly. Since 
there is a positive correlation between 
the strategy-conform portfolio selec-
tion and project portfolio performance 
(Müller et al., 2008), we suggest strat-
egy criteria to be included in the project 
ranking exercise. Projects with higher 
alignment with the strategy should be 
ranked higher than those more inde-
pendent of the strategy.
Stakeholders Criteria (SHI)
Business projects owned by enter-
prises normally have many stakehold-
ers. Success or failure largely depends 
on the project’s conformity with the 
expectations of the society and local 
communities, as well as with the pre-
vailing political regimes and legisla-
tion. Other key success factors may 
include the cooperativeness of busi-
ness partners and the quality of the 
available services and suppliers.
In recent literature review the sig-
nificance of stakeholders appeared. 
Unger, Gemünden and Aubry, (2012) 
outlined the importance of stake-
holders in project portfolio manage-
ment. Project portfolio management 
offices (PPMOs) are centralized units 
and subsets of project management 
offices (PMOs) responsible for the orga-
nization’s portfolio focusing on the 
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demands of various stakeholders. “[T]
he tasks of PPMOs may be derived from 
these key stakeholders’ requirements 
and their need to delegate manage-
ment obligations” (Unger, Gemünden 
and Aubry, 2012, p608). Also, PPMOs 
have to guarantee the implementation 
of stakeholder interests and needs 
besides the organizational goals. Their 
comprehensive role-based research 
outlining organizational issues basi-
cally stemmed from the stakeholders’ 
demand. Beringer, Jonas and Kock 
(2013) refer to the stakeholder behavior 
and stakeholder management as key 
success factors within portfolio man-
agement. Their empirical study proj-
ect portfolios investigating the effect 
of portfolio-internal stakeholders on 
project portfolio success pointed out 
a clear impact of stakeholders. Even 
the latest version of PMBoK (2013) 
extended the set of knowledge areas 
with the project stakeholder manage-
ment. Although the literature expresses 
the significance of the stakeholders in 
their methodologies only implicitly, 
the underlying models do not take 
sufficient note of that. Agreeing with 
the literature above emphasizing the 
importance of stakeholders, we also 
state that it must be a determinative 
and fundamental element in portfo-
lio selection. We go further than the 
referred sources, and think that the 
criterion of stakeholder is worth pull-
ing out of the large conceptual criteria 
set and treating independently in the 
ranking model. 
Creating a lobby map accommo-
dating all the stakeholders affecting 
the project is especially crucial for 
large-scale and complex projects. 
Negligence or undervaluation of stake-
holders’ interests may result in serious 
difficulties in the projects’ implemen-
tation phase, or as a worst case, may 
lead to the premature end of the proj-
ect. Projects with wider acceptance 
from stakeholders should be ranked 
higher than those with non-compliance 
or resistance to them.
 Learning Criteria (OLI)
Long-term business success may 
depend on whether the organization is 
capable to learn from its own previous 
projects and is able to turn the lessons 
learned into future potential benefits. 
For instance, Gutjahr et al. (2008, 2010) 
built models for project portfolio selec-
tion, paying specific attention to com-
petence development. Their model is 
based on the gains from the increment 
of desirable competences. The tools 
proposed are rather sophisticated 
(nonlinear mixed-integer program, 
greedy heuristics, metaheuristics, 
etc.), however, they seek an optimal 
staff assignment, and criteria from 
other fields are left out. Killen et al. 
(2012) conducted a research project on 
PPM and also outlined the significance 
of knowledge and learning. Although 
strategic management theories are 
applied recognizing the significance of 
learning for project and portfolio man-
agement, the criteria set is limited (e.g. 
lack of financial thinking). In the work 
of Purnus and Bodea (2014) criteria 
related to project opportunity including 
experience that leads to a competitive 
advantage for a successful portfolio 
project management emerged. They 
built a large and complex set of criteria. 
For a more practical model, some less 
significant criteria can be left out (i.e. 
contractual conditions), and some of 
them can be merged (financial criteria 
can handle the important risk-related 
questions). The opportunity for learn-
ing gained during a project is always 
a challenge to quantify, but it is obvi-
ously to be considered to ensure future 
benefits. Projects from which we learn 
more contain more exploitable poten-
tial and should be ranked higher than 
those without learning.
Utilization of the Proposed 
Ranking Criteria
With the above-mentioned method, 
therefore, a calculated value can be 
assigned to every project, with which 
the projects can be ordered easily. 
In cases where the company has no 
significant limit on the resources (in a 
perfect market this is true in the long 
run), ranking projects with a positive 
PP (project priority) yields the list of 
projects to be carried out.
However, companies often have a limit 
on resources. In addition, these limits 
are sometimes realized in very differ-
ent ways. One of the most common 
bottlenecks is the limit on financing, 
which can vary in consecutive years. 
The situation is complicated by the fact 
that a project can take several years to 
complete, influencing the list of proj-
ects that can be done at that time. A 
surprisingly common bottleneck is the 
number of reliable, experienced project 
managers who the individual projects 
can be given to. Predetermined tasks, 
such as supplementary investments of 
certain machines, or the investments of 
compulsory tasks (as dictated by law) 
also affect projects that can be car-
ried out later. A bottleneck can simply 
be an existing manufacturing capac-
ity, for which the various projects can 
compete.
In such cases mathematical pro-
gramming (MP) can provide a solution. 
Although attempts to integrate math-
ematical programming into PPM have 
been made earlier (see Martin, 1955, 
Ghasemzadeh et. al., 1999.), optimiza-
tion was made specifically for financial 
indicators. The new selection method 
suggested below also takes into 
account non-financial aspects, which 
significantly affect how a project con-
forms to company strategy. The target 
function in our case is to select along 
the bottlenecks the project portfolio 
providing the highest added PP value:
where k is the number of projects 
and xk is the result variable indicating 
the implementation of project k.
In a general case it is usually 
assumed that projects are indivisible, 




in other words, a project cannot be 
“half implemented”. In this case xk 
can only be 0 or 1, that is, the project 
is implemented or not. This MP problem 
type is called integer programming. In 
this case the first condition of math-
ematical programming:
There are projects, however, which 
are actually divisible and investment 
and related cash flows change propor-
tionally. Then the above condition is 
less strict, the criterion is only that the 
value of xk is between 0 and 1:
Naturally, xk is usually not continu-
ous, so in the latter case other condi-
tions have to be provided for the pos-
sible discreet values of xk. It is worth 
noting that a change in an individual 
condition can drastically alter the algo-
rithms that can be used for the solving 
of MP problems.
If projects are divisible, but its 
related cash flows do not change pro-
portionally, it is better to divide the proj-
ect into project parts and to provide a 
condition saying these project parts are 
connected, e.g. if projects 2, 3 and 4 are 
connected: x2=x3=x4. Programs can be 
handled with the same method.
Then any restricting conditions can 
be given, such as capital constraints 
(KCAPEX) in the year of the investment 
and capacity restraint (e.g. usage of pro-
duction line capacity) in the first year:
of input data justifies it. The solving of 
the above MP problems requires very 
high computing capacity in the case of 
a higher number of projects (above 40). 
This is because no optimization algo-
rithm of integer programming is known 
(the problem is known as the backpack 
problem). In such cases all possible 
combinations have to be calculated, 
that is, the variant yielding the highest 
total PP value has to be chosen from 
2N possibilities, while the fulfilling of 
conditions also has to be checked for 
each combination. 
Only in recent years has the comput-
ing capacity been available to solve 
such problems, and the method is 
therefore becoming more popular.
After analyzing financial elements, 
let us include non-financial elements 
in the criteria and define an index with 
these! The main steps of a general PPM 
process (portfolio setup, evaluation, 
prioritization, selection, execution etc.) 
were integrated with more phases by 
e.g. Teller et al. (2012). This research, 
however, mainly concentrates on the 
mathematical implementation and real-
ization with bi-criteria or multi-criteria 
analyses. Ballestero and Romero (1996) 
provided a solution by defining a bi-cri-
teria utility function for portfolio prob-
lems to average investors. Gutjahr et 
al. (2010) formulated a multi-objective 
optimization model including employee 
competences and their evolution, and 
Anagnostopoulos and Mamanis (2010) 
developed a three-objective portfo-
lio optimization model with discrete 
variables considering further financial 
components. For the complex ranking 
problem we studied, however, the AHP 
(Saaty, 1977) provides a flexible, multi-
objective method that involves even 
the hierarchy of criteria.
The focus of our investigation is to 
provide an integrated ranking model 
combining financial parameters with 
additional non-financial elements 
important for managing portfolios. 
The proposed ranking method is based 
on the four criteria groups discussed 
above resulting in the overall Criteria 
Indices: FI – Financial Index, STI – 
Strategy Index, SHI – Stakeholder 
Index, OLI – Opportunity for Learning 
Index.
Based on the criteria above the 
overall Project Priority Index (PPI) is 
as follows:
where α, β, γ and δ are the respec-
tive group weights also to be defined 
by the management preferences. Only 
those highest PPI projects can be enter 
into the project portfolio, whose sum-
marized capital expenditures (CEXP,i) 
do not exceed the CAPEX budget 
defined by strategy.
Monitoring and Control
After evaluation and portfolio optimi-
zation, decision-makers classify the 
projects, which they keep active, so the 
list of projects in the active portfolio is 
determined. Then the business plans 
of the projects are carried out consis-
tently and methodologically. There are 
advanced techniques to control the 
progress of the project (Hajdu et al. 
2013). During execution the progress 
of projects in the portfolio has to be 
measured and evaluated. In the invest-
ment phase of projects it is the tools 
of project management that dominate, 
that is, focus is on the effective imple-
mentation of the plans.
In this phase the easiest way to 
monitor projects is the use of mile-
stones. In the management of large, 
complex projects containing many 
activities and connections the use of 
milestones is still a necessary but not 
sufficient element of the monitoring 
system. In the monitoring of costs and 
progress, earned value management 
(EVM) has a more and more important 
role. In some countries such as the 
USA the law requires tracking by EVM 
in state projects. The essence of the 
x kє  { 0;1 } (2)
x kє  [ 0;1 ] (3)
Σ F o,k x k ≤ K CAPEX





where F0,k is the investment capital 
requirement of project k and a1,k is 
the capacity used by project k in the 
first year.
Any other restraint can be built into 
the MP problem. Naturally, it is true 
here too that such refined methods 
are only worth using if the reliability 
PP Ii=α x FI  i+ β x STI  i+ γ x SHI  i+ 
δ x OLI  i
 
α+ β + γ+ δ = 1 (5)
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analysis is that it compares planned 
and actual costs incurred up to the 
given point. In addition to time and cost 
parameters, it also takes into account 
which stage the activities are in a way 
detailed below. A continuous compari-
son of planned and actual values can 
be used to make predictions and to cor-
rect undesirable deviations (Project 
Management Institute, 2013).
In implementing projects accurate 
data is needed concerning the bud-
geted cost of work performed (BCWP), 
the actual cost of work performed 
(ACWP), and the budgeted cost of work 
scheduled (BCWS). One of the most 
decisive professional journals, PMBoK 
uses a simpler name for these param-
eters (Project Management Institute, 
2013): earned value (EV), actual cost 
(AC) and planned value (PV), respec-
tively. Further calculations and analy-
ses are not detailed here but a mini-
mum that has to be calculated is the 
cost performance index (CPI = BCWP/
ACWP) and the schedule performance 
index (SPI = BCWP/BCWS). Cost vari-
ance (CV) and schedule variance (SV) 
have a similar role. The indicators show 
the relationship of the project to the 
budget and the project’s progress 
relative to the plan, however complex 
the project is (Project Management 
Institute, 2005). EVM is excellent for 
the clear, comprehensive and uniform 
tracking of projects executed in the 
portfolio.
Although EVM is an undoubtedly 
useful technique, it has drawbacks. 
On problem is that the unit of measure 
is always money unit or working hour 
– it does not contain time (time is also 
expressed in money units). This way it 
is often difficult to interpret the results, 
especially if we wish to draw further 
conclusions from time. Another prob-
lem of the method is that towards the 
end of delayed projects EVM’s time-
related indicators (SV and SPI) yield an 
over-optimistic result. At the end of the 
implementation phase of the project – 
however much the delay was –SV will 
always be zero, and SPI will be one. The 
reason is that at the end of the project 
PV is equal to the budget plan even if 
the project was finished with a consid-
erable delay. 
Based on the measurements of 
Lipke and Henderson (2007), these 
schedule indicators usually start to 
become optimistic when the project is 
about 65% finished. It can be stated 
that after this the SV and SP indicators 
are less useful for the management. 
These disadvantages can be eliminated 
with the use of ES, or Earned Schedule 
(Lipke 2003). ES is an indicator system 
to be used with EVM and uses SV($) 
and SV(t) instead of SV, and SPI($) 
and SPI(t) instead of SPI, in order to 
increase accuracy. The dollar sign is 
often omitted. Naturally, ES has to 
be calculated. The basic idea of ES is 
simple. The time period in which earned 
value (EV) is as much as it should have 
been according to the plan.
Toward the end of the investment 
and implementation phase financial 
evaluation methods come to the fore-
front again, because a project ready to 
operate can also be sold, outsourced 
or even stopped. To make a decision, 
evaluation is necessary, for which the 
financial indicators of the project have 
to be calculated again. In the operation 
phase of the project probably the best 
method is to regularly make plan-fact 
comparisons for the cost and income 
data of the business plan. This can also 
eliminate a kind of serious commis-
sioner-agent problem: managers are 
often interested in starting a project 
they planned or managed because this 
improves their reputation, and conse-
quently their earnings. Especially in 
companies where managers only spend 
2-3 years in a position, incomes are 
often overplanned and costs are often 
underplanned, that is, the business 
plan of the project is too “optimis-
tic”. Regular plan-fact comparisons 
and the related compensation system 
can greatly reduce the scope of this 
“over-optimism”. Another advantage of 
plan-fact comparisons is that makes it 
easier to notice significant deviations 
of factual data from the plan, which 
clearly indicates that the business plan 
of the project has to be revised.
Summary and Conclusions
In the paper first the modern con-
cepts of project management and 
project portfolio management were 
defined, then the general model of 
project portfolio management was 
presented, which also integrates the 
more sophisticated project selection 
method we suggest.
The recommended PPM framework 
enables companies to keep a project 
portfolio of many simultaneous proj-
ects in spite of limited resources, and 
effectively manage executed projects 
according to strategic goals. The theo-
retical basics of project portfolio man-
agement have been available for a long 
time but only now are information tech-
nology systems widely available and 
affordable to carry out project portfolio 
management cost effectively. 
There are numerous portfolio man-
agement software packages on the 
market but these mainly support the 
management of projects. There are 
software packages supporting the 
selection of an optimal project port-
folio but in some cases the algorithm 
used is known to be unreliable, while 
in some other cases the method of 
optimization is surprising (e.g. in the 
case of all project pairs a manage-
ment preference has to be given, that 
is, which of the two would we choose, 
and ranking is made based on these 
preferences.) We are convinced, how-
ever, that PPM systems will develop 
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